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Abstract 

A new explicit model of neutrino texture is presented, where in the overall 6x6 mass 
matrix the lefthanded and righthanded Majorana 3x3 components are diagonal with equal 
entries of opposite sign, while the Dirac 3x3 component is given as a diagonal hierarchical 
structure (possibly similar to the charged lepton and quark 3x3 mass matrices) deformed 
by the popular nearly bimaximal 3x3 mixing matrix. Then, all neutrino masses are light 
and mi = — m4, m2 = —m^, m-^ = —rriQ. The resulting neutrino oscillation formulae 
are identical with those working in the effective texture of three active neutrinos, based 
on this nearly bimaximal mixing matrix. Three (conventional) sterile neutrinos do not 
oscillate and so, are strictly decoupled. The suggested LSND effect vanishes. The not 
observed Chooz oscillation effect is consistently negligible. 
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1. Introduction. A basic tlieoretical question, induced by the recent developments in 
neutrino physics implying massive neutrinos, concerns the fate of neutrino righthanded 
components Vo.r {ol — e, r), while the lefthanded components v^l (« = e, /x, r) appear 
in the Standard Model as active neutrinos. This is equivalent to the question of the role 
in Nature of (conventional) sterile neutrinos VaR and (^'aii)'^, where {vaR}^ ^ VaL due to 
the opposite lepton number L of both sides. The lepton number, in fact, is experimentally 
well defined, though it is not expected to be strictly conserved. In the present note, the 
(conventional) sterile neutrinos v^r and [vaR)'^ will be introduced through the generic 
neutrino mass term (11). First, however, we will consider the effective neutrino-mass 
term (3) of Majorana type, where only the active neutrinos and (i^aL)*^ appear. 

As is well known, the popular nearly bimaximal mixing matrix for three active neu- 
trinos I^eL, V^L, [1], 

/ Ci2 Si2 \ 

U'^^^ = -S12C23 C12C23 S23 , (1) 

V S 12-523 — C12S23 C23 / 

arises from its generic form d la Cabibbo-Kobayashi-Maskawa [2] by putting 

1 1 

sia = , C12 ~ ~ S12 , C23 ~ ~ S23 ■ (2) 

Here, Cij = cos 9ij and Sij = sin 9ij. Such a neutrino mixing matrix is globally consistent 
with oscillation experiments [3] for solar z^e's and atmospheric z/^'s as well as with the 
negative Chooz experiment for reactor z/g's. It cannot explain, however, the possible 
LSND effect for accelerator i/^'s (and i^^^s) that, if confirmed, may require the existence 
of one at least, extra (sterile) light neutrino (different in general from (^aij)*^). 

If the active neutrinos u^l are of Majorana type, their effective mass term in the 
Lagrangian has the form 

- >CLls = ^ E K^^S^/3L + h. C. , (3) 
^ a/3 

where the mass matrix M^^^ = (m^^''^ is symmetric due to the identity zvl(z^/3l)'^ = 
T^i^ahY (here, the normal ordering of bilinear neutrino terms is implicit). In this case. 
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{t^aLY behaves as UaB., though their lepton number L is opposite. This number is not 
conserved, of course, in the mass term (3) inducing the changes AL = ±2. 

In the flavor representation, where the charged-lepton 3x3 mass matrix is diagonal, 
the mixing matrix U^^\ when multiphed from the right by the Majorana phase matrix 
diag(l, e^'', e*'^) in the case of Majorana-type neutrinos, becomes the diagonahzing matrix 
that transforms the complex symmetric neutrino 3x3 mass matrix M^^^ into the matrix 
diag(mi , 1712 , ^3). Here mi < 1712 < are nonnegative neutrino masses. This is equi- 
valent to the following complex orthogonal transformation [4]: 

C/(3)^^(3)c/(3)^diag(ml,m2e-2'^m3e-^^'^) , c/(3)T[;(3)* ^ ^ ^ f;(3)*f;(3)r _ 
The reverse transformation reads 

^(3) ^ [/(3)*diag(mi , mae-^v ^ rn^e-^"')U^^^'^ . (5) 

However, even in the Majorana case, the flavor and mass active neutrinos, v^l = e, r) 
and {i — 1,2,3), are related through the unitary transformation 

^aL = T.US^^iL , U^'^^U^'^ = 1 = C/(3)C/(=^)t , (6) 
i 

where U^^^ — (Uai^- The unknown Majorana phases p and a as well as the Dirac phase 
S, the latter appearing in the generic form of U^^^ if S13 7^ {e.g. through Ues — Si^e'^^), 
may lead to CP violation. Note, however, that CP violation in the neutrino oscillations 
may be caused only by S. 

The rate of the neutrinoless double P decay (allowed only in the case of Majorana-type 
u^l) is proportional to ml^, where rriee = with M^f as given in Eq. (5) for a = e 

and (5 — e. The suggested experimental upper limit of is ~ (0.35 — 1) eV [4]. If 
p — Q and (7 = 0, then = | Y,iU^'^mi\ — c\2mi -\- sl2'm2 , where the form (1) for 

U^^^ is used. 

The familiar neutrino-oscillation formulae, valid in the case of U^^* = C/i? (where the 
possible CP violation is ignored), are 

P(^„ ^ up) = \{uf,L\e''''Mf = Sf^a-^EujffU^uj^Uj^sm'x,, (7) 

j>i 
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with 



xji = 1-27—^ , Am% ^m]-ml,pi^E-^ (8) 

(Am^, L and E are measured in eV^, km and GeV, respectively). Here, P(fa — ^ T-'p) = 
P{ua — ^ T^ii) = Piyp ^a), when CP violation in neutrino oscillation is ignored (and 
CPT theorem used). For the mixing matrix as given in Eq. (1), the formulae (7) 
lead, in particular, to the following oscillation probabilities: 

1 - (2ci2Si2)^sin^a;2i , 

1 - (2ci2Si2)^C23 sin^ X21 - (2c23S23)^(si2 sin^ xsi + sin^ X32) 

1 - (2ci2Si2)^C23Sin^X21 - (2c23S23)^Sin^X32 , 

(2ci2Si2)^C23sin^a;2i , (9) 

where the second step for ^(t'^ — > t'^) works in the case of Am|^ ~ Am|2- The remaining 
oscillation probabilities, -P(t'^ — > i^e), P{^ii ^r) and P{ur Vr), follow already from 
Eqs. (9) through the probability sum rules Y^pPii'a ~^ ^p) = 1- The relations (9) imply 
that 

P(i/e Ve)so\ = 1 - (2ci2Si2)^ sin^(a;2i)soi , 

P{'^H ^u)e^tm ^ 1- (2C23S23)^ Sin2(a;32)atm , 
P(z/^ ^ Z/e)LSND = (2ci2Sl2)^C23 sin^(a;2l)LSND - , 

P(i?e ^ i^e)chooz = 1 - (2ci2Si2)^ sin^(a;2i)chooz ^ 1 , (10) 

since (x2i)atm < (a;32)atm = 0(1), (a;2i)LSND < (a;2i)soi = 0(1) and (a;2i)chooz - (a:2i)atm < 
0(1), the first inequality being valid in the case of Am2i ^ Arrigj — Amli. The labels 
sol, atm, LSND and Chooz refer to the conditions of solar, atmospheric, LSND and Chooz 
neutrino experiments. 

Experimental estimations for solar i/gS and atmospheric f^'s are 9i2 ~ 32°, Am^i ~ 
5 X 10-^ eV^ [5] and 6*32 ~ 45°, Amfs ~ 2.5 x 10^^ eV^ [6], respectively (they are 
best-fit values; for solar fe's they correspond to the MSW Large Mixing Angle solution 



P{iy^,^iy^,) = 
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that seems to be optimal). The above angles imply Ci2 ^ 1.2/\/2, Si2 ~ 0.75/v/2 and 
C23 ~ I/'n/S ~ S23, thus deviations from maximal mixing for solar Ug^s are considerable. 

According to the popular viewpoint, the active-neutrino effective mass term (3) arises 
through the familiar see-saw mechanism from the generic neutrino mass term 

including both the active neutrinos UaL and {yahY as well as the (conventional) sterile 
neutrinos VaR 7^ {i^ahY and {vaR)'^ 7^ ^aL {a — e , /i , t). In the see-saw case, the Majo- 
rana righthanded mass matrix M^^^ = (^M^^"*^ is presumed to dominate over the Dirac 
mass matrix that in turn is expected to dominate over the Majorana 

lefthanded mass matrix M^^'' = (^Mj^^ (the latter may be even zero). Such a mechanism 
leads effectively to the active-neutrino mass matrix M'^'^^ = (^M^^^^ appearing in the mass 
term (3). Then, M^^) ~ -M (-^^M^-^) -^M^'^)'^, while the (conventional) sterile neutrinos 
get approximately M^^^ as their effective mass matrix and so, are practically decoupled 
from the active neutrinos. Thus, the assumption of dominance of M^^^ over M^^^ (and 
over M^^)) guarantees here the desired smallness of mi , m2 , rris. This approach is 
consistent with the GUT viewpoint on the massive-neutrino unification. 

In the present note, we study a new explicit model for the overall 6x6 mass matrix 

appearing in the generic neutrino mass term (11). Now, M^^^ and M^^^ get the same mag- 
nitude (but opposite sign) . The detailed model gives exactly the same neutrino oscillation 
formulae (9) and (10) as the previous effective model based on the nearly bimaximal 3x3 
mixing matrix (1). The (conventional) sterile neutrinos {vaRY do not oscillate with the 
active neutrinos u^l (and with themselves) and so, are strictly decoupled from the active 
neutrinos (because of different reasons, than those causing practical decoupling of {i^aRY 
from in the see-saw mechanism). The suggested LSND effect vanishes. The neutrino 
mass spectrum is parametrized. In extreme cases, the spectrum may be either nearly 
degenerate or hierarchical (with hierarchical mass-squared differences in both cases). Al- 
ways mi = — m4, 1712 = —m^, ms — —rriQ and, as can be deduced in our model from 
neutrino data, they are light. 
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2. The model. Let us assume in Eq. (12) that [8] 



/ 1 \ 

1 
[o l) 



(13) 



and 



/ 



= m 



( tan 2^14 











tan 2^25 

tan 26*36 j 

Ci2 tan 2^14 Si2 tan 2^25 

-S12C23 tan 2^14 C12C23 tan 2^25 S23 tan 2^36 
V S12S23 tan 26'i4 -C12S23 tan 26^25 C23 tan 26^36 



(14) 



where m > is a mass scale and tan2^jj {ij — 14,25,36) denote three dimensionless 
parameters, while IJ'^^ stands for the previous 3x3 mixing matrix given in Eq. (1). 
Thus, the Dirac component M^^^ of the overall neutrino mass matrix M is here equal to 
a diagonal, potentially hierarchical structure, deformed by the popular, nearly bimaximal 
mixing matrix f/(^). Evidently, in this 6x6 model, M* = M and = M. Hence, the 
possible CP violation is ignored. 

As can be shown, the 6x6 diagonalizing matrix U for the overall 6x6 mass matrix 
M defined in Eqs. (12), (13) and (14), 



MU — diag(mi , m2 , 777.3 , ttia , f^b , 'me) , 



(15) 



gets the form 



101 / f/(3) 0(3) 



0(3) 1(3) 





, u 



C(3) _5(3) 
^(3) (7(3) 



(16) 



with U^^^ as given in Eq. (1) and 



1(3) 



while the neutrino mass spectrum is 
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C36 



, 5(3) 



/ Si4 
S25 
V S36 



(17) 



rriij — ±m^l + tan^ 29, 
5 



(18) 



{ij = 14 , 25 , 36) , implying the equahties 

(4 - 4) ^i'J (19) 

Evidently, U* ^ U and W = . 

The easiest way to prove the statement expressed in Eqs. (16), (1) and (17) is to 
start with the diagonalizing matrix U = {Uai) defined in these equations, and then to 
show by applying the formula M^a = J2iUaimiU^^ that the mass matrix M = (M^^) 
is given in Eqs. (12), (13) and (14), if the mass spectrum mi , m2 , , 777.4 , 1T15 , ttiq is 
taken in the form (18) or (19). Now, a — e , /i , t , Cs , /is , Ts and i — 1,2, 3, 4, 5, 6, where 
J^esL = {j^eRT, J^ix^L = {^fiRT , ^tsL = {^trT (see Eq. (11) which can be rewritten as 

->Cmass = I Ea/3 {l^aLYM^pVpL + h. c). 

It may be interesting to note that the 6x6 mass matrix M defined in Eqs. (12), (13) 

10 1 

and (14) can be presented as the unitary transform M = JJ M U* of the new simpler 6x6 
mass matrix 



/ 771 1(3) M^-^) \ 

M= \ n with M^-^^ =m diag (tan 2^14, tan 2^25, tan 2^36) , (20) 



M 



where U— d\a.g{U^^\ 1*^^^^ [see Eqs. (16) and (17)]. Then, writing — J^gUa/s ^pi with 


^aL= J2iUai^iL, the mass term (11) and charged-current term in the Lagrangian can be 
presented as follows: 



- >Cinass = ^Yl {^aLYM^fjUpL + h. C. = ^ ^{^1^1^ afjl" fiL + h. C. 
^ a/3 ^ a/3 

1 



^ 2 ^ (i^iL)''mii/iL + h. c. (21) 



{a, (3 = e,n, T, Cs, i^s, Ts , ^ = 1,2, 3, 4, 5, 6) and 



>Ccc = ^ E ^7^e;l^; + h.c. = ^ E E ^PL U:^re-W^ + h.c. 

V ^ a=e,iJ.,T V ^ a=e,/i,T j3=e,tJi,T 

= 4 E Y.^Kfi'e-W; + h.c. (22) 

V-^ a=e,//,T i 
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{i = 1,2,3,4,5,6), where e~ = e~ , ^~ , (a = e, /x, r) and g = e/ sin^^^. Thus, there 
are two different forms of CC coupUng, involving VaL neutrinos with nearly bimaximally 
mixed Dirac mass matrix M^^^ — U^^^ ]\/f^^ or I'aL neutrinos with hierarchical Dirac 
mass matnx >>. Similarly, tl>ere are two different forms of neutral-eurrent term £.0 
involving or u^l: 



9_ 

OS 

9 V- 



In Eqs. (22) and (23) the block-diagonal form U = diag(u^^\l^^^^ was applied. Note 



that both mass matrices M and M develop the same eigenvalues mi = —m^ , 777.2 = 
—7775 , 777.3 = —"tTT-G given in Eq. (18). In fact, Eq. (15) implies that 

U^MU = diag(777i , 777.2 , ^3 , 7774 , 777.5 , 'me) . (24) 

We can see that, in principle, one can operate with fields I'aL to describe by them the 

1 

experimental fiavor neutrinos, i/aL — Y^jsUap^pL, using then the second forms (22) and 

1 

(23) of £cc and £nc- However, their transformation by means of JJ is necessary. 

In the flavor representation, where the charged-Iepton 3x3 mass matrix is diagonal, 
the 6x6 diagonalizing matrix U is at the same time the neutrino 6x6 mixing matrix. 
Then, the unitary transformation 

l^aL = E Uai^iL , U^U ^ 1 ^ UU^ (25) 

i 

holds with the a and i indices running over their six values. 

The rate for the neutrinoless double /? decay is proportional to 777gg, where now 



777ee = | E ^'ei^l = \ {ul, - U^) m, + {ul^ - Ul,) 7772 + - Ul,) 7773 1 

i 

= |c?2(c?4-Sl4)"^l + Sl2(c25-S25)"^2| (26) 

due to Eqs. (16), (1), (17) and (19). Hence, 77i~(0.35 - 1) eV is light if the suggested 
experimentally upper limit of 777ee is used. 



7 



Making use of the neutrino oscillation formulae as given in Eq. (7) but now with a = 
e, n, T, Cs, fJ's, Ts and i = 1, 2, 3, 4, 5, 6, we obtain the oscillation probabilities P{i'a ^p) for 
a — e,fj,,T identical with those in Eq. (9) and (10). In addition, we get P{i'a J^/sJ — 
and P{i'as ~^ ^Ps) — ^Psocs for ck — e, ii,t and as, Ps — ^s, IJ's, Ts, showing that in our 6x6 
model of neutrino texture there are no oscillations of (conventional) sterile neutrinos 
which, therefore, are strictly decoupled. In this argument, we make use of the mass- 
squared degeneracy relations ml = m\ , m\ = ml , ml = ml following from the mass 
spectrum (18). 

From the neutrino mass spectrum (18) we infer that 

Amj-^ = (tan^ 26*25 - tan^ 26*14) , 
Am32 = (tan2 2^36 -tan2 2^25) , 

Amgi = (tan^2e36 - tan^2^i4) , (27) 
where experimental estimations for solar i/g's and atmospheric i/^'s are 

Am^i = 5 X 10-^ eV^ < Amj^ = 2.5 x 10"^ eV^ (28) 

if Aml^ ~ Aml^. This implies that tan^ 26^14 < tan^ 26^25 ^ tan^ 26*36, where (tan^ 26*25 — 
tan^2^i4)/ tan^2^36 — Am|]^/Am32 ~ 0.02. Thus, for the neutrino mass spectrum there 
are, in particular, two opposite extreme options: the nearly degenerate spectrum mi ~ 
m2 — ms, where tan^ 29ij <^ 1 implying light mi m^ (0.35 — 1) eV, and the hierarchical 
spectrum mi < m2 <^ m^, where tan^ 2^^ ^ 1 implying m^ ~ m|tan2%|, also light 
since ml ~ Am32 ~ 2.5 x 10~^eV^ {ij = 14,25,36). In both options, the mass-squared 
differences are hierarchical: Am2i ^ Am32 ~ Aml^. In the first option, M^^^ and A/'-^-' 
dominate over as can be seen from Eqs. (13) and (14). Inversely, in the second 

option, M*^^) and M^^^ are dominated by M^^\ thus we have to do in this option with 

the pseudo-Dirac neutrinos [9] (of a specific sort). The first option is favored, if the actual 

,. . ... 

m — mee lies near its present upper limit. 

3. Conclusions. In this note, a new explicit model of neutrino texture was presented, 
where in the overall 6x6 mass matrix M the lefthanded and righthanded Majorana 3x3 
mass matrices, M^^^ and M^^\ are diagonal with equal entries of opposite sign, while the 
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Dirac 3x3 mass matrix M^^^ is given as a diagonal hierarchical structure deformed by 
the popular nearly bimaximal 3x3 mixing matrix. The neutrino 6x6 mixing matrix 
U and neutrino mass spectrum are found explicitly. Then, all neutrino masses are light 
and mi = —m^ , m2 — —m^ , — —me, where mi < m2 < ma. If, in particular, M^^^ 
and M^^^ dominate over M^^\ then mi ~ m2 — m3. Inversely, if M^^^ and M^^^ are 
dominated by M^^\ then mi < m2 <S m^. But, always Am|^ <S ^"^32 — Amg^ (due 
to experimental estimations for solar z/g's and atmospheric t'/i's). In the second option, 
neutrinos are pseudo-Dirac particles (of a specific sort). 

The resulting neutrino oscillation formulae are identical with those working in the 
effective texture of three active neutrinos, based on the popular nearly bimaximal mix- 
ing matrix. Three (conventional) sterile neutrinos do not oscillate and so, are strictly 
decoupled. The suggested LSND effect for accelerator P^^'s (and i^^'s) vanishes. The not 
observed Chooz oscillation effect for reactor Pg's is consistently negligible. 

One may try to speculate that the Dirac component M^^^ of M as defined in Eq. (20) 

(before the conjectured deformation M^^^ = U^^'^ M^^'' by the nearly bimaximal mixing 

matrix U'^^^ is performed) ought to display a hierarchical structure similar to that of 3 x 3 

mass matrices for charged leptons and quarks [10] which, of course, are of Dirac type. In 


this sense, i^aL — Y,i Uai^n rather than UaL — J2i Uaii^iL are neutrino analogues of the 



familiar CKM transforms of down-quark mass fields. Thus, U rather than C/ is a lepton 

analogue of the CKM mixing matrix for quarks [see the first and second form of Eq. 

1 

(22)]. Of course, the experimental fiavor neutrino fields are — J2p Uap ^i3l, and only 
by means of this unitary transformation the nearly bimaximal mixing (absent for I'aL as 
well as for charged leptons and quarks) works. 
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